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Description 

Background 

[0001] Processes for the oligomerization of light oie- 5 
fins to produce C 7 and higher carbon number oligomers 
are well known. Oligomerization processes have been 
long employed to produce good quality motor fuel com- 
ponents from propylene and butylene. Such oligomeri- 
zation processes are also referred to as catalytic con- 
densation and polymerization with the resulting motor 
fuel often referred to as polymer gasoline. Methods have 
always been sought to improve the octane number of 
the gasoline boiling range oligomerization products. In 
addition the oligomerization process is also susceptible 
to catalyst fouling from the condensation of heavy oli- 
gomers into coke that covers the catalyst. 
[0002] Some prior art processes that use highly acidic 
halide type catalysts for polymerization have suggested 
the recycle of paraffins to the polymerization zone for 
purposes of cooling. Such references include US-A 
4,200,714 and US-A 4,254,294. 
[0003] In processes for the production of heavy oli- 
gomers there are often high purity requirements. For ex- 
ample trimer and tetramers typically have purity require- 
ments of 98% or more. Therefore the loss of any circu- 
lating streams to the product must be kept at minimal 
levels. 

Summary 

[0004] It has been surprisingly found that the introduc- 
tion of cycloparaffins into an oligomerization zone for the 
oligomerization of light olefins will reduce catalyst foul- 
ing and significantly improve the operation of the oli- 
gomerization zone by facilitating recovery of a cyclopar- 
affin recycle stream from the product. The process in- 
troduces a stream of cycloparaffins, typically in the C 5 
to C 7 range, into the oligomerization zone. The cyclopar- 
affins keep the surface of the catalyst flushed of heavy 
isomers that can condense and foul the surface of the 
catalyst. In addition to the inhibition of fouling, the recy- 
cling of the heavy paraffins to the oligomerization zone 
maintains the activity of the catalyst that promotes the 
selectivity of the oligomerization zone to desired olefins. 
The cycloparaffins, particularly cyclohexane is readily 
recovered from lower boiling feed hydrocarbons and 
higher boiling products. In addition the stability of the 
saturated ring structure gives the cycloparaffins greater 
non-reactivity over the corresponding linear and 
branched paraffins. 

[0005] It is an object of this invention to improve the 
operation of an oligomerization reaction zone by extend- 
ing the catalyst life. 

[0006] It is a yet further object of this invention to re- 
duce the impact of catalyst fouling by coke accumulation 
in oligomerization processes. 

[0007] A further object of this invention is to facilitate 



the recovery of heavy hydrocarbons for recirculation in 
an oligomerization process. 

[0008] A number of specific operational steps can 
separately or collectively provide the olig omerization im- 
provements of this invention. The flushing benefits of 
this invention are facilitated by the use of liquid phase 
conditions and the cycloparaffins. Passing heavier cy- 
cloparaffins, such as cyclohexane further enhances the 
improvements of this invention to the oligomerization 
zone. Cyclohexane is an excellent solvent and in most 
cases will readily remove typical deposits that foul the 
catalyst. The benefit of cyclohexane as a solvent should 
again surpass those of the heavier branched and linear 
paraffins. Substantial liquid phase conditions in con- 
junction with the heavy paraffin addition of this invention 
will offer substantial improvements to tine catalyst life, 
and the catalyst life may be further improved as the ol- 
igomerization zone approaches 1 00% liquid phase con- 
ditions. In the production of motor fuel it has also been 
discovered that the heavy liquid recycle can raise oc- 
tane number of gasoline streams substantially when 
used in conjunction with a mild acid catalyst in the oli- 
gomerization zone. 

[0009] Accordingly this invention is an oligomerization 
process for the production of C 8 and higher carbon 
number olefins. The process passes an oligomerization 
zone feed comprising C 3 and/or higher carbon number 
olefins to an oligomerization zone and contacts the oli- 
gomerization zone feed at oligomerization conditions 
with an oligomerization catalyst. Cycloparaffins with a 
carbon number of 5 or more pass into contact with the 
feed and the catalyst. The process recovers an oli- 
gomerization effluent stream comprising the cycloparaf- 
fins and product oligomers having 8 or more carbon at- 
oms. The process may produce C 9 and higher carbon . 
number oligomers and pass a feed comprising C 3 and/ 
or C 4 olefins to the oligomerization zone. The oligomer- 
ization zone may contain a solid phosphoric acid cata- 
lyst. A cyclohexane containing stream may pass into 
contact with the feed and the catalyst in at least a partial 
liquid phase condition. 

[0010] The Figure is a process flow diagram showing 
an alternate arrangement for the process of this inven- 
tion. 

Detailed Description 

[0011] The essential operational zone for the practice 
of this invention is the oligomerization reaction zone. 
Suitable oligomerization zones for this invention take on 
many forms. The oligomerization process is known by 
many names such as catalytic condensation and also 
catalytic polymerization. Known catalysts for effecting 
such reactions include heterogeneous catalyst such as 
solid acids and homogenous catalysts, iin particular hal- 
ogenated catalysts such as boron trifluoride. 
[001 2] Preferred catalyst for the oligomerization reac- 
tion can generally be described as mild protonic acids. 
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The preferred acids will generally have a Hammett acid- 
ity function of 4.0 or a lower acid strength with Hammett 
acidity values of 5.0 or more being preferred. Examples 
of catalysts falling into this category include ion ex- 
change resin catalysts, such as sulfonated ion ex- 
change resins, and phosphoric acid catalysts. A partic- 
ularly preferred catalyst is a solid phosphoric acid (SPA) 
catalyst which has a Hammett acidity function of 5.0. 
The SPA catalyst refers to a solid catalyst that contains 
as a principal ingredient an acid of phosphorus such as 
ortho-, pyro- or tetraphosphoric acid. 
[0013] SPA catalyst is normally formed by mixing the 
acid of phosphorus with a siliceous solid carrier to form 
a wet paste. The carrier is preferably a naturally occur- 
ring porous silica-containing material such as 
kieselguhr, kaolin, infusorial earth, and diatomaceous 
earth. A minor amount of various additives such as min- 
eral talc, fuller's earth, and iron compounds including 
iron oxide may be added to the carrier to increase its 
strength and hardness. The combination of the carrier 
and the additives preferably comprises about 15-30% 
of the catalyst, with the remainder being the phosphoric 
acid. The additive may comprise about 3-20% of the to- 
tal carrier material. Variations from this composition 
such as a lower phosphoric acid content are however 
possible. 

[0014] Oligomerization zones in general are main- 
tained at conditions which may vary widely due to the 
previously listed variables. In this invention the oli- 
gomerization reaction zone is preferably operated at 
temperatures and pressures that increase the compat- 
ibility of its effluent conditions with the inlet conditions 
of the saturation reaction zone inlet and its inlet condi- 
tions with the dehydrogenation reaction zone effluent 
conditions. The preferred temperature of the oligomeri- 
zation reaction zone may be in a range of from 38 to 
260°C, will typically be in a range of from 93 to 260°C 
and will more typically be in a range of from 149 to 
232°C. Pressures within the oligomerization reaction 
zone will usually be in a range of from 789 to 8372 kPa 
and more typically in a range of from 1 478 to 6993 kPa. 
When practicing this invention the preferred operating 
pressure for the SPA catalyst will be in a range of from 
789 to 6993 kPa and more typically in a range of from 
1478 to 6993 kPa with a pressure of 1478 to 3547 kPa 
being particularly preferred. Oligomerization conditions 
may also include a liquid hourly space velocity (LHSV) 
of 0.5 to 5 hr 1 . It has also been found that maintaining 
operating temperatures in a narrow range of from 149 
to 204°C can push selectivity toward the production of 
more C 8 isomers. 

[0015] The feed to the oligomerization reaction zone 
will typically comprise C 3 to C 5 olefins and paraffins, but 
may comprise olefins having carbon numbers of 12 or 
higher Steam or water may be fed into the reactor to 
maintain a low water content for hydration of the pre- 
ferred SPA catalyst. The source of the olefin feeds are 
typically a light gas stream recovered from the gas sep- 



aration section of an FCC process, C 4 streams from 
steam cracking and coker off gas or the effluent from a 
dehydrogenation zone. The olefin feed stream is char- 
acterized by having an overall olefin concentration of at 
5 least 1 0 wt%. In most operations, this olefin feed stream 
will contain olefins but it may also constitute all or sub- 
stantial quantities of C 3 olefins. Typically the olefin feeds 
can have a C 3 to C 5 olefin concentration of at least 30 
wt%. The principal oligomerization products comprise 
C 8 and heavier olefins. The principal reaction substrate 
in the reaction zone will comprise propylene or normal 
butene. Where C 3 olefins are present as feed, these ole- 
fins will primarily combine to produce C 9 and higher 
alkenes. Preferred feeds will have a concentration of at 
least 30 wt% and more preferably at least 50 wt% total 
olefins in the feed stream. The olefin content of the feed 
may predominately comprise normal olefins of a single 
carbon number. 

[001 6] The presence of the heavy paraffins promotes 
liquid phase conditions in the oligomerization zone. The 
combined cycloparaffin stream and feed will usually 
maintain at least partial liquid phase conditions in the 
oligomerization zone. Partial liquid phase conditions re- 
fers to maintaining at least 1 0 wt% of th<e combined cy- 
cloparaffin stream and feed in liquid phase. Preferably 
at least 50 wt% of the combined feed and cycloparaffin 
are in liquid phase in the oligomerization zone to provide 
substantial liquid phase conditions, and more preferably 
essentially all, i.e. at least 90 wt%, of th-e fluid in the ol- 
igomerization zone will be in liquid phase. 
[0017] in the practice of this invention cycloparaffin 
components contact the catalyst in conjunction with the 
usual oligomerization zone feed. The cycloparaffin com- 
ponents will have at least 5 carbon atoms and more pref- 
erably at least 6 carbon atoms. Cyclic paraffins without 
pendant side alkyl groups are usually preferred. The cy- 
cloparaffins will usually comprise cyclopentane and cy- 
clohexane. Cyclohexane has sufficient vapor pressure 
to maintain reactor vapor fractions in the 20-60% range 
when mixed 1/1 with a C 3 recycle and maintained at typ- 
ical oligomerization conditions of 3794 kPa and 
171-193°C. Further adjustment in the vapor pressure 
and liquid volume may be made by adding lighter or 
heavier cycioparaffins to a cyclohexane base stream. 
[0018] The effective washing action of the heavy hy- 
drocarbons requires a minimum liquid mass flux. Pre- 
ferred rates for the liquid mass flux will exceed 14,700 
kg/hr/m 2 . The effectiveness of the liquid mass flux may 
be improved by the incorporation of a suitable inlet dis- 
tributor at the top of the reactor. For multi-bed reactors 
the use of an inlet distributor in the first reactor may be 
the most critical because of the significant amount of re- 
action that takes place in that reactor. 
[0019] The cycloparaffin components may enter the 
process with the incoming feed or may be injected into 
an oligomerization reaction zone at intermediate loca- 
tions within a single catalyst bed or a number of catalyst 
beds. It is preferred to have the cycloparaffin present as 
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the feed initially enters the reaction zone to maximize 
the benefit of the cycloparaffin in the process. In such 
cases it is typical to have at least 40 wt% and more often 
50 wt. % or more of the total cycloparaffin stream enter 
the first reactor with the feed. Additional quantities of the 
cycloparaffin may be injected in stages through process 
to maintain temperature control throughout the bed or 
beds of oiigomerization catalyst. 
[0020] Where the oiigomerization zone has a multiple 
bed arrangement, the different catalyst beds are prefer- 
ably contained within one or more cylindrical, vertically 
oriented vessels and the feed stream preferably enters 
the top of the reactor. The catalyst is preferably disposed 
in fixed beds within the oiigomerization zone in what is 
known as a chamber-type reactor structure. Typically, a 
chamber-type reactor will contain about five catalyst 
beds. In a chamber-type reactor, the reactants flow 
through a series of large diameter catalyst beds. The 
temperature of the reactants may be further controlled 
by recycling additional relatively inert hydrocarbons to 
act as a heat sink. Oiigomerization reaction zones are 
routinely arranged with such multiple beds of catalyst 
that receive an intermediate injection of a quench ma- 
terial to control temperatures from the exothermic reac- 
tion. Substantial advantage can be obtained by adding 
cycloparaffins as an intermediate injection stream that 
also benefits the process by serving as a quench 
stream. 

[0021] With the addition of the cycloparaffin stream 
the combined feed to the oiigomerization zone will pref- 
erably have a ratio of light paraffin and cycloparaffin to 
olefins of from 1 :1 to 5:1 . Thus, the paraffin concentra- 
tion of the feed to the oiigomerization reaction zone will 
typically be at least 50 wt% and more typically at least 
70 wt%. A high percentage of the olefins in the feed 
stream are reacted in the oiigomerization reaction zone. 
The olefin conversion will typically range from 80 to 99 
wt%. 

[0022] The effluent from the oiigomerization reaction 
zone will normally enter a separator. Separation of the 
effluent stream from the oiigomerization zone will recov- 
er the cycloparaffins from the effluent for recycle to the 
oiigomerization zone. The usual separator for recovery 
of the product oligomers also recovers unreacted feed 
as an overhead stream and at least a portion of the cy- 
cloparaffin stream for recycle to the oiigomerization 
zone. The paraffins for recycle may be recovered with 
the product stream or the unreacted feed olefins. 
[0023] Where product recovery limits the bottom ca- 
pacity of existing fractionation zones, using cycloparaf- 
fin with lower carbon numbers than the product oligom- 
ers has advantages. Relatively lower carbon number 
paraffins may be recovered overhead with unreacted 
feed components for combined recycle back to the oii- 
gomerization zone. Where column flooding limits over- 
head recovery of relatively lighter paraffins, it may be 
beneficial to recover a recycle paraffin stream as a 
sidecut. 



[0024] The recovered cycloparaffin stream will often 
contain some oligomers that are difficult to separate. For 
the most part these oligomers will compriise dimers such 
as hexene. Any separation difficulty for these closely 
5 boiling oligomers will not usually pose a problem. In 
most cases these are effectively recycDed with the cy- 
cloparaffins to produce more desired (heavy oligomer 
products. 

[0025] Addition of the cycloparaffin stream will pro- 

10 vide a substantial quantity of such paraffins in the oii- 
gomerization zone and preferably will produce a mini- 
mum of 20 wt% cycloparaffins in the reactor effluent 
stream and will more typically produce at least 1 5 wt% 
of cycloparaffins at the inlet of each catalyst bed in the 

15 reaction zone. C 6 cycloparaffins are particularly pre- 
ferred and will preferably comprise at least 1 0 to 30 wt% 
of the mass flow through the oiigomerization reaction 
zone. In many cases the weight ratio of saturate to the 
olefin feed is in a range of from 0.5 to 4 and more often 

20 in a range of from 1 to 2. 

[0026] The ease of separating the cycDoparaffins from 
the effluent stream products minimizes the carryover of 
heavy olefins into the recycle stream and cycloparaffins 
into the product. Therefore, after the initial supply of the 

25 cycloparaffins for circulation in the recycle stream there 
should be little need for make-up cycloparaffins for cir- 
culation through the process. Some cycloparaffins will 
inevitably be lost with product oligomers or purposefully 
purged to maintain a sufficiently low concentration of 

30 contaminants in the cycloparaffin recyclle. 

[0027] The source of the cycloparaffins to the oii- 
gomerization zone can be any stream that can supply 
the higher carbon number paraffins in the necessary 
quantities. The cycloparaffins are usuallly imported into 

35 the process from external sources. Cycloparaffin, in par- 
ticular cyclohexane is readily available in relatively pure 
form and at generally low cost. Therefore sources for 
the initial supply of such cycloparaffins and any required 
make-up will be abundant in most operation locations. 

40 [0028] In most cases the cycloparaffins will have at 
least a two carbon number difference between the par- 
affin stream and the product oligomers which simplifies 
separation and recovery of the paraffin recycle. For ex- 
ample where the product oligomers comprise C 9 oli- 

45 gomers the heavy saturate stream will comprise C 7 -or 
lower carbon number cycloparaffins. 
[0029] The process and different operational steps 
will be described in conjunction with the Figure. The Fig- 
ure shows only a limited form of the invention and only 

so those portions of the process that are necessary to gain 
an understanding of the invention and the necessary 
means of integrating the processing steps associated 
with the invention. 

[0030] In the arrangement of the Figu re an oligomer- 
55 ization zone feed stream, containing 70 to 90 wt% pro- 
pylene is brought into the process by a li ne 30 and com- 
bined with a recycle stream containing cyclohexane by 
a line 32. A line 34 carries the combined feed and recy- 
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cle paraffin stream into optional combination with light 
olefins and paraffins from a line 31 . An exchanger 33 
heats the feed against a stream 35 of flashed vapors 
from the overhead of a flash drum 39. A line 36 passes 
the combined feed through a heater 37 and an effluent 
exchanger 38 to raise the combined feed to its initial re- 
action temperature. The combined feed, including the 
cyclohexane, enters a multi-bed reactor 41 at a temper- 
ature of 160°C and a pressure of 3792 kPa for contact 
with an SPA catalyst. A line 42 carries flashed overhead 
vapor through a condenser 43. The overhead stream 
will usually comprise C 3 and lighter hydrocarbons in- 
cluding unreacted feed olefins and light paraffins. Con- 
densor 43 prepares the flash overhead for introduction 
as a quench into one or more of the catalyst beds of 
reactor 41 . A line 45 introduces the quench into reactor 
41 together with any optional addition of cycloparaffin 
from a line 44. 

[0031 ] Line 40 delivers the oligomerization effluent at 
a temperature of 182°C for heat and product recovery. 
The effluent contains unreacted feed olefins, light and 
cycloparaffins, and oligomers. After cooling against the 
incoming feed in exchanger 38, the mixed contents of 
line 40 enter flash drum 39 in mixed phase. Flash drum 
39 produces an overhead stream rich in C 3 olefins and 
lower boiling hydrocarbons that is recycled to reactor 41 
as previously described. Line 46 carries bottoms liquid 
containing absorbed light hydrocarbons to a fractiona- 
tion zone 47 for removal of a net propane stream via a 
line 48. Bottoms from fractionator 47 enter a fractionator 
50. Fractionator 50 maintains a cut point between lighter 
hydrocarbons and the cyclohexane recycle by with- 
drawing an overhead 51 comprising mainly C 4 hydro- 
carbons and a sidecut stream 52. Sidecut stream 52 
comprises mainly cyclohexane for recycle to the reac- 
tion zone as previously described. Sidecut stream 52 
may also contain C 6 olefins that undergo further combi- 
nation to produce more product oligomers. The remain- 
ing heavier fraction of the effluent consists mainly of 
heavier trimers and tetramers that pass to fractionator 
54. Fractionator 54 recovers the C 9 trimers overhead 
via line 55 while C 12 tetramers and higher oligomers 
leave the process through bottom stream 56. 



cloparaffins having a carbon nu mber of at least 
5 into contact with said feed and said catalyst; 

c) recovering an oligomerization effluent 
5 stream comprising said cycloparaffins and 

product oligomers having 8 or more carbon at- 
oms. 

2. The process of claim 1 wherein the oligomerization 
10 conditions include a temperature of 93°C to 260°C, 

a pressure of 789 to 6993 kPa, and an LHSV of 0.5 
to 5hr 1 . 

3. The process of claim 1 wherein said oligomerization 
15 effluent stream is passed to a separator and sepa- 
rated into a product stream comprising C 8 or higher 
carbon number olefins and into a cycloparaffin 
stream, at least a portion of said cycloparaffin 
stream is recycled to said oligomerization zone as 

20 said saturate stream, and a cycloparaffin make-up 
stream is combined with said oligomerization zone 
feed to replace lost cycloparaffins. 

4. The process of claim 1 wherein at lleast 50 wt% of 
25 the product oligomers comprise hydrocarbons hav- 
ing carbon numbers at least two carbon numbers 
higher than at least 50 wt% of the carbon number 
of the cycloparaffin stream. 

30 5. The process of claim 1 wherein the weight ratio of 
the cycloparaffin to olefin feed is in ;a range of from 
0.5 to 2. 

6. The process of claim 1 wherein at least 40 wt% of 
35 the saturate stream enters the oligomerization zone 

with the incoming feed. 

7. The process of claim 1 wherein the saturate stream 
comprises cyclohexane. 

40 

8. The process of claim 1 wherein said oligomerization 
zone catalyst comprises a solid phosphoric acid 
catalyst. 



3. 

15 



20 



4. 

25 



Claims 

1 . An oligomerization process for the production of C 8 
and higher carbon number olefins, said process 
comprising: 

a) passing an oligomerization zone feed com- 
prising C 3 and/or higher carbon number olefins 
to an oligomerization zone and contacting the 
oligomerization zone feed at oligomerization 
conditions with an oligomerization catalyst; 

b) passing a saturate stream comprising cy- 



9. The process of claim 1 wherein the oligomerization 
effluent stream contains less than 10 to 20 wt% of 
C 8 and lower carbon number hydrocarbons and the 
oligomerization zone is maintained in substantial 
liquid phase. 

10. The process of claim 3 wherein cyclohexane is re- 
covered as a sidecut stream from ai separator. 
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